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Greener PasturesEnvironmental stress triggers substantial alterations in animal physiology and,
in some cases, brain structure. Using the nematode Caenorhabditis elegans, a
new study reports that unfavorable conditions lead to dramatic dendrite
remodeling in neurons that mediate an adaptive dispersal behavior.Matthew P. Klassen1
and Quan Yuan2,*
Animals utilize an impressive array of
strategies for coping with stressful
environmental conditions. If food is in
short supply, some suppress their
metabolism and hibernate, while others
migrate in search of new habitat.
These physiological and behavioral
adjustments are generally orchestrated
by the endocrine system and are
often accompanied by significant
modifications of the nervous system
[1,2]. For example, the brain of the
hibernating arctic ground squirrel
displays a global reduction in the size
of neuron cell bodies, dendrite length
and complexities, and spine densities,
which all revert to normal within a few
hours of recovery from torpor [3,4].
In this issue of Current Biology,
Schroeder et al. [5] report an equally
dynamic stress-induced remodeling
event in a genetic model organism.
When the ability to reach sexual
maturation is compromised by limited
food availability or high population
densities, Caenorhabditis elegans
select an alternative developmental life
stage termed dauer, adapting their
behavior and morphology until
conditions improve [6]. By observing
this transition at the cellular level,
Schroeder and colleagues discovered
that C. elegans rapidly and reversibly
remodel a subset of their sensory
neurons during dauer via a process that
involves the function of a furin
homologue, KPC-1 [5].
As C. elegans transition to dauer, IL2
sensory neurons elaborate their simpleunbranched dendrites into a complex
branched network of processes within
hours [5] (Figure 1). When conditions
improve and the animal decides to
resume normal development, this
morphology largely reverts to the basal
state. Using the power of C. elegans
genetics, Schroeder et al. [5]
determined that kpc-1, a furin-like
member of the proprotein convertase
family, is induced during dauer
formation and is required for the
expansion of IL2 dendrites. Because
multidendritic sensory neurons that
normally display complex branched
morphologies also require kpc-1, this
phenotype likely represents a defect in
dendrite branch elaboration rather than
compromised inductive signaling. Two
transcription factors — UNC-86 and
DAF-19 — were also identified as the
regulators of IL2 remodeling during
dauer formation, providing another
avenue for deciphering the molecular
biology underlying this process [5].
Dendrite remodeling in IL2 neurons
presents an attractive cellular system
for understanding how neurites grow
and degenerate in response to extrinsic
signals. The rapid expansion of IL2
arbors in response to dauer demands
the biogenesis and recruitment of
considerable cellular resources, in
addition to the remodeling of the
cytoskeleton. Similarly, the retraction
and degeneration of the IL2 dendrite
upon exiting dauer also presents an
interesting cell-biological challenge. Is
the loss of the dendrite due to the
removal of signals needed for its
maintenance or, alternatively, to the
activation of specialized machineryinvolved in dendritic pruning? Will the
molecular machinery underlying
dendrite remodeling be conserved
across phylogeny? The elaborate
dendrite morphology of dauer IL2
neurons resembles that of the dendrite
arborization (da) neurons in the
Drosophila peripheral nervous system,
whose dendritic arbors undergo
developmental pruning and
subsequent regrowth [7,8]. These and
future model systems will undoubtedly
continue to inform our understanding
of how neurons reorganize in health
and disease.
For what purpose does IL2 remodel
during dauer? Because the local
environment may perpetually remain
unfavorable, dauer larvae extend
themselves vertically at the surface of
the soil in an attempt to hitchhike on
passing insects traveling to more
favorable locations — a dispersal
behavior termed nictation [9,10]. The
cellular and molecular basis underlying
nictation is of considerable interest to
neurobiologists because it represents a
reversible behavior in a genetically
accessible model organism. Lee et al.
[9] have previously proposed that
IL2 is required for perceiving the
environmental cues that initiate
nictation behavior. In the new work,
Schroeder et al. [5] demonstrate
that kpc-1 mutants require KPC-1
expression specifically in IL2 neurons
to display wild-type nictation.
Therefore, the morphological
remodeling of IL2 is correlatively
associated with the emergence of an
adaptive behavior. However, similar
to other studies that report an
association between structural
changes and a behavioral phenotype,
we must beware the ever-present
caveat; kpc-1 likely affects multiple
aspects of neuronal function
besides the regulation of dendrite
morphology. Indeed, the authors also
observed that the morphology of the
IL2 axon is altered during dauer, a
phenotype less accessible to gross
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Figure 1. Schematic diagram of the IL2QDL and IL2QVL neurons in the C. elegans head.
Non-dauer IL2neuronsextendasingleunbranchedsensorydendrite (blue) anteriorly into the inner
labial sensillium, with a simple axon (red) extending posteriorly from the soma into the nerve ring.
When conditions favor dauer formation, IL2 neurons rapidly remodel their neurites, with the
dendrite undergoing extensive arborizationwithin the local bodyquadrant, a process that requires
the furin homolog KPC-1. The axon (red) is remodeled in an indeterminate fashion which awaits
future study. When conditions favor the exit from dauer and a return to normal development,
this complex branching pattern is largely pruned, returning the neuron to its basal morphology.
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to potential changes in neuronal
interconnectivity [5]. Although
postsynaptic compartments are known
to remodel in response to
environmental influence [11],
structural plasticity in axon initial
segments and presynaptic terminals
has also been observed and is likely to
regulate neuronal excitability and
network connectivity [12,13].
Deconstructing the physiological
relevance of dendritic versus axonal
remodeling in IL2 neurons will be
important for understanding how theseneurons mediate this adaptive
behavior.
Every organism experiences stress
and adapts to it in order to survive. How
does environmental stress trigger
nervous system remodeling and
behavioral adaption? This question is
not merely of interest to physiologists
alone; it also has major clinical
relevance. As a principal target of
stress-induced hormones, the human
brain suffers from acute and chronic
effects of stressful experiences [1].
Because chronic stress in humans has
been associated with changes inneuronal morphology and circuitry
connectivity, with distinct patterns in
different brain areas, understanding
how the nervous system remodels
under such conditions may help
us ameliorate stress-induced
impairments in information processing,
cognitive function and emotional
registration [2,14]. Hopefully,
C. elegans and other model organisms
will continue to assist us in
understanding this fundamental
process.
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